Abstract. A cross-sectional study was performed to clarify the relationship between exposure to acrylonitrile (AN) and its effect on subjective symptoms by using a modified Cornell Medical Index (CMI) health questionnaire. The 7 acrylic fiber manufacturing factories surveyed were classified into 3 groups, namely, group L with a mean environmental acrylonitrile concentration of 1.8ppm, group M with 7.4ppm, and group H with 14.1ppm. The total number of workers engaged in acrylic fiber manufacturing processes (acrylonitrile workers) and reference workers analyzed were 504 and 249, respectively. These consisted of 92 acrylonitrile workers and 108 reference workers in group L, 304 and 102 respectively in group M, and 108 and 39 respectively in group H. The mean values for length of exposure to acrylonitrile were 5.6 years in group L, 7.0 years in group M, and 8.6 years in group H. Neurotic status as determined by Fukamachi's criteria and Cornell Medical Index profiles did not show any AN-related differences between AN workers and reference workers in any of the groups. The subjective symptoms with significantly high prevalences in AN workers were "headache", "tongue trouble", "choking lump in throat", "fatigability", "general malaise", "heavy arms", and "heavy sweating". Except for "choking lump in throat" there was no relationship between the prevalence of symptoms and the length or level of exposure to acrylonitrile. These results suggested that long-term exposure to acrylonitrile at levels up to 14.1ppm did not induce neurotic effects in acrylonitrile workers, but might cause some reversible subjective symptoms. (Keio J Med 41 (1): 25-32, March 1992) 
Introduction
Acrylonitrile (AN) is a colorless, explosive, flam mable, and chemically reactive liquid. It is used in the syn thesis of acrylic fibers, synthetic rubbers, and other resins such as acrylonitrile-butadiene-styrene (ABS) resins. It has been sug gested that long-term exposure to AN causes mild liver dysfunction ,7-11 but, according to a carefully designed cross-sectional study, no liver dysfunction was observed in AN workers exposed up to 14ppm of AN for more than 5 years.12 Cancer, probably induced by AN , has been reported in both animal experiments13-17 and epidemiological studies in AN exposed workers . [18] [19] [20] [21] However, the more sophisticated epidemiological studies in recent years could not find any evidence of excess cancer risk,22-24 and the carcinogenicity of AN in humans is still controversial. As there was a possibility of AN inducing cancer, the permissible exposure limit of AN in occupational settings was reduced from 20 ppm to 2 ppm by the Japan Industrial Health Association in 1988 . This cross-sectional study was designed to clarify the relationship between long-term exposure to AN and its effects on subjective symptoms using a modified Cornell Medical Index (CMI) health questionnaire .
Subjects of and Methods
Study sites and study population A cross-sectional study was carried out in all 7 acrylic fiber manufacturing factories in Japan. The numbers of subjects surveyed were 1,220 male workers engaged in acrylic fiber manufacturing jobs (AN workers) and 757 male reference workers working in the same factories. When no adequate reference workers could be chosen from the same factory, they were selected from the nearest factory of the same company. AN 
Questionnaire
The questionnaire used for surveying subjective symptoms was the Japanese version of the Cornell Medi cal Index (CMI). The original CMI consists of 195 ques 
CMI profiles
The CMI is composed of 18 sections. Twelve sections (A-L) contain the physical symptom check list and the remaining 6 (M-R) contain the psychological symptom check list. The rates of "yes" responses in each CMI section groups are illustrated in Figure 1 as CMI pro Fig 1 The rates of "yes" responses in each CMI section groups as CMI profiles. The profile patterns in AN workers (-) were similar to those in reference workers (----). Among these symptoms, the relationships between the prevalence of the symptom and the length of ex posure to AN were examined. The prevalence of only one symptom, "often feel a choking lump in the throat (B-11)", had a tendency to increase with increasing length of exposure to AN in all factories and group L (Fig 2) . The relationships between the prevalences and age were examined in the same way. For the following symptoms, the prevalences showed a tendency to increase with increasing age in group H: "lost more than half the teeth (No 41)" and "sometimes have mucous stools (No 58')". For other symptoms, significant increases associated with aging were not observed. Comparing the CMI profiles among the three groups of AN workers, the number of positive responses were the lowest in group M, and the highest in group H. A similar trend was also observed among reference worker groups. These findings suggest that the small differences of CMI profiles among groups may be a reflection of t?roun characteristics rather than AN exposure.
Okonogi et al. reported on the CMI profiles of 265 male workers who were engaged only in day work in one factory. 46 Compared to those profiles, in our study the yes response rate of section E (musculoskeletal system), I (fatigability), and N (depression) were slightly higher The prevalence of symptoms such as "headache", "pressure of head" , "speaking disturbance due to tongue trouble", "fatigability", "general malaise", and "heavy feeling of arms" was significantly higher in AN workers. This is consistent with previous reports.9,11,47 Babanov et al. stated that workers exposed to AN at a level of 0.6-6mg/m3 for 3 years suffered from headache and general weakness. 47 Sakurai and Kusumoto analyzed the health status of 2 AN-exposed cohorts for approximately 10 years. The average AN exposure levels were 11mg/m3 (5 ppm) or less in one cohort, and 45mg/m3 (20 ppm) or less in the other cohort. They observed that the pre valence of headache, weakness, and fatigue increased with increasing length of exposure to AN." Thus, it may be that these complaints are the effects of exposure to AN on the central and/or peripheral nervous systems. However, it is not clear from the results of this study whether the occurrence of these effects can be attributed to the exposure to the relatively low mean levels of AN up to 14.1 ppm observed in this study or to excursive exposure to AN for a short duration since no positive relationships between the prevalence of these complaints and length or level of exposure to AN were found in this study.
As far as the working conditions in the acrylic fiber manufacturig factories are concerned, there was little possibility that the symptom of "heavy sweating even in winter" was induced by the external working environ ment such as high temperature or high humidity in the workplaces. Ageeva reported a significant decrease of "epinephrine -like substance" and an increase of acetyl choline, and suggested that increased sweating in workers exposed to AN was a symptom of the effect of AN on the autonomic nervous system.48 Another possible cause may be the effect of the main metabolite of AN, the thiocyanate ion (SCN), on thyroid function. SCN has been reported to increase the level of free thyroxine (FT4) in blood 49-51 and accelerate T4 and triiodothyro nine (T3) uptake into muscle. 49 Experimental study showed that the FT4 returned to its former level about 12 hours after SCN administration.50,51 Thus, it may be speculated that repeated exposure to AN may cause a fluctuation of SCN and T4 within a day and temporary or persistent light hyperthyroidism may be induced. "Palpitation" and "easy fatigue" were significant com plaints in one or two groups and are major subjective symptoms of hyperthyroidism. Further study is necessary conclusively to establish the mechanism of the symptom, "heavy sweating even in winter" .
In conclusion, exposure to AN at levels up to 14.1 ppm may cause some reversible subjective symptoms, and it may be reasonable to lower the permissible ex posure limit from 20 ppm, even without considering its possible carcinogenicity in humans.
